GRB051103 is considered to be a candidate soft gamma repeater (SGR) extragalactic giant magnetar flare by virtue of its time history, localization, and energy spectrum. We have derived a refined interplanetary network localization for this burst which reduces the size of the error box by over a factor of two. We examine its time history for evidence of a periodic component, which would be one signature of an SGR giant flare, and conclude that this component is neither detected nor detectable under reasonable assumptions. We analyze the time-resolved energy spectra of this event with improved time-and energy resolution, and conclude that although the spectrum is very hard, its temporal evolution at late times cannot be determined, which further complicates the giant flare association.
INTRODUCTION
Giant flares are the most spectacular manifestations of soft gamma repeaters (SGRs). Their time histories are characterized by a very rapid (< 1 ms) rise to an intense peak lasting several hundred milliseconds, followed by a weaker, oscillatory phase which exhibits the period of the neutron ⋆ E-mail:khurley@ssl.berkeley.edu star. The spectrum of the peak is very hard and extends to MeV energies. The most energetic giant flare to date is that of 2004 December 27 from SGR1806-20, with an isotropic energy of well over 10 46 erg. (Hurley et al. 2005 , Palmer et al. 2005 , Mereghetti et al. 2005 , Terasawa et al. 2005 , Frederiks et al. 2007b ). The observation of this event raised the question once more of the existence of extragalactic giant magnetar flares, and their relation to the short cosmic gamma-ray bursts (GRBs). Viewed from a large distance, only the initial peak of a giant flare would be detectable, and it would resemble a several hundred millisecond long, hard spectrum GRB. The energetics of giant flares make it a virtual certainty that such events can be detected in distant galaxies, but recognizing them and demonstrating their origin beyond a reasonable doubt remain difficult tasks. Predictions of the rates of extragalactic giant flares, and the percentage of short cosmic bursts which might actually be giant flares, vary widely (from a few to ∼ 15% - Lazzati et al. 2005 , Nakar et al. 2006 , Popov and Stern 2006 , Tanvir et al. 2005 , in part because of their unknown number-intensity relation (no SGR has yet been observed to emit more than one giant flare, and their distances are uncertain in most cases). However, they generally agree that the rate is small enough that the majority of short bursts are indeed not due to SGR giant flares. On the other hand, the rate is not expected to be zero, so it is important to examine all possible cases exhaustively. In this paper, we revisit GRB051103, a short burst whose location, time history, and energy spectrum are consistent with an origin as a giant flare in M81. We make use of the full interplanetary network (IPN) data set to obtain a refined localization (an error ellipse). We utilize the capability of the RHESSI spacecraft to obtain timeresolved energy spectra with good energy resolution, at a time resolution which is limited only by counting statistics, and we take advantage of the fact that three instruments recorded energy spectra with good statistics to obtain joint fits. Our analysis follows that of Frederiks et al. (2007a) , which was based on the Konus-Wind data. In a companion paper, Rowlinson et al. discuss the progenitor of this event.
OBSERVATIONS AND IPN LOCALIZATION
GRB051103 occurred at 09:25:42 UT at Earth, and was observed by HETE-FREGATE (Atteia et al. 2003) , RHESSI (The Ramaty High Energy Solar Spectroscopic Imager - Smith et al. 2002) , Suzaku-WAM (Yamaoka et al. 2009 ), and Swift-BAT (Gehrels et al. 2004 ) in low-Earth orbit; the burst was outside the coded fields of view of Swift-BAT and the HETE-II imaging instruments, and was therefore not localized by them. It was also observed by INTEGRAL SPI-ACS (Rau et al. 2005) at 0.5 light-seconds from Earth, KonusWind (Aptekar et al. 1995) at 4.5 light-seconds from Earth, and by Mars Odyssey (HEND and GRS experiments, Hurley et al. 2006 ) at 232 light-seconds from Earth. A preliminary IPN error box was announced in a GCN Circular, where it was pointed out that this event had the largest peak flux ever observed by Konus-Wind for a short burst (Golenetskii et al. 2005) . Optical follow-up observations were reported by Lipunov et al. (2005a,b) , Klose et al. (2005) , and Ofek et al. (2005 Ofek et al. ( , 2006 , and a radio observation was reported by Cameron and Frail (2005) . All yielded negative results. A MILAGRO GeV/TeV observation similarly produced only upper limits (Parkinson et al. 2005) .
The observations of each statistically independent spacecraft pair can be analyzed to produce an annulus of location, and the annuli can be combined to yield an error ellipse using the method described in Hurley et al. (2000) . In this case, we have combined the Konus-HETE, Konus-RHESSI, Konus-INTEGRAL, Konus-Swift, and Konus-Odyssey annuli. Under these conditions (several The possibility that this burst came from the inner disk of M81 is firmly ruled out. However, the brightest GALEX UV knots noted by Ofek et al. (2006) are within the ellipse. Lipunov (2005b) noted the presence of two galaxies within the initial error box, PGC 2719634 and PGC 028505. The former galaxy lies at the 18% confidence contour of the ellipse, and remains a plausible host candidate, while the latter lies at the 0.03% contour, and is unlikely to be the host.
relatively short baselines and one relatively long one), the error ellipse has a long major axis, corresponding to the annuli derived from the closer spacecraft pairs, and a short minor axis, corresponding to the annulus from the distant spacecraft pair. We obtain a 3 σ error ellipse centered at α(2000)=147.933
• , δ(2000)=+68.589
• , with major and minor axes 137 ′ and 0.96 ′ respectively, and area 104 square arcminutes. The chi-square for the error ellipse center is 0.9 for 3 degrees of freedom (5 annuli minus 2 fitted coordinates). The area of the initial error box was 240 square arcminutes 1 . The initial error box and the final error ellipse are shown in figure 1.
1 A typographical error in GCN 4197 incorrectly gave the area as 120 square arcminutes
TIME HISTORY
The RHESSI time history of GRB051103 is shown in the top panel of figure 2 . A distinctive signature of all three previously observed giant SGR flares within our Galaxy and the LMC to date is the periodic extended component following the initial short-duration peak. Among these three events, the periods of this extended tail have clustered around a narrow range of 5-8 seconds and also have a relatively narrow range of total isotropic energy releases of 1 − 4 × 10 44 erg. This signal lasts for many minutes following the bursts but falls off rapidly after a few hundred seconds. While extended emission is frequently detected following cosmological short-hard bursts, such emission is not periodic. Therefore detection of a periodic component of emission would be considered a strong confirmation of an SGR origin.
None of the IPN light curves shows obvious evidence for extended emission (pulsed or otherwise) following the burst. However, it is conceivable that a marginally detected signal could be present within the noise. To search for such a component, we acquired Swift-BAT data for GRB 051103 (binned at 64 ms) and used the Lomb (1976) periodogram to calculate the relative power in the signal following the burst at periods up to about 20 seconds. We created periodograms for all of the four BAT energy channels, which cover the energy range 15 to 350 keV (and for combinations of channel sums) and for various time ranges following the emission (ranging from the first 60 s to the first 300 s.) To assess the significance of any peaks in the power spectrum, we performed a Monte Carlo analysis by repeatedly randomizing the order of the 64 ms time bins for each data set over the range of interest and measuring the rate of occurrence of independent peaks above various power levels. We identified no peaks with greater than 98% significance in any channel or time range.
This non-detection is expected. To assess the general detectability of periodic post-flare emission from extragalactic giant magnetar flares, we also acquired the Swift-BAT light curve of the the 2004 December 27th flare from SGR 1806-20. We then scaled the signal down by a factor of (D/DSGR) 2 and added it to the light curve of GRB 051103 (both scrambled and unscrambled). No signal is detected in the periodogram at the known periodicity of 7.56 seconds at the distance of M81/82 (D = 3600 kpc). The maximum distance for detecting periodicity with our analysis greater than 3 sigma is only about D = 220 kpc (if a distance of DSGR = 14.5 kpc to SGR 1806-20 is assumed, or to 130 kpc if the 8.7 kpc distance of Bibby et al. 2008 is assumed), less than the distance even to M31. This limit may not be exact: both SGR1806-20 and GRB 051103 were detected offaxis by BAT and the comparative satellite sensitivity will depend on the specifics of the off-axis angle. For the giant flare from 1806-20, BAT was pointing 105
• away, and slewed to 61
• away starting around 38 s after the peak. For 051103, BAT was pointing 122
• from the source. However, as the expected signal from a December 27-like event at the distance of M81/M82 would be only 0.01 sigma assuming similar sensitivities for the two events, we consider it extremely unlikely that any possible angle outside the BAT FOV would lead to a detection unless the periodic component were several orders of magnitude stronger than that observed in the three Galactic/LMC events to date.
ENERGY SPECTRUM
A key signature of the spectra of SGR giant flares is a very hard energy spectrum for the initial, several hundred millisecond long burst, and a dramatic spectral evolution to a soft spectrum for the subsequent pulsating component (e.g. Hurley et al. 2005 , Frederiks et al. 2007b . Accordingly, we have analyzed the time-resolved energy spectra of GRB051103. RHESSI, Konus, and Suzaku obtained energy spectra for GRB051103 over a wide energy range, with good statistics, although with different time resolutions. (Due to the off-axis arrival angles at Swift and HETE-II, the detector response matrices are not well known, and we have not used these data.) Because the finest time resolution can be obtained from the RHESSI data, we have analyzed the RHESSI spectra both separately, to obtain the best time resolution, limited only by counting statistics, and combined with the Konus and Suzaku data, to obtain the best statistics, albeit at the cost of temporal resolution.
RHESSI uses nine unshielded coaxial germanium detectors to observe a broad energy band (30 keV-17 MeV) with excellent energy (1-5 keV) and time resolution (1 binary µs) and moderate effective area (∼150 cm 2 ). The data are recorded event-by-event, which provides great flexibility in choosing analysis intervals.
To determine RHESSI's spectral response to GRB051103, we used the Monte Carlo package MGEANT (Sturner et al. 2000) . We simulated monoenergetic photons in 192 logarithmic energy bins ranging from 30 keV-30 MeV generated along a 60
• azimuthal arc at the 97 • off-axis angle of GRB051103. We fit a polynomial background and extracted the burst data in SolarSoftWare-IDL routine 2 . Because of radiation damage to some of the detectors, we used only data from rear segments 1, 4, 6, 7, and 8. Spectral fitting was conducted with ISIS v1.4.9 (Houck 2000) . In general, the full 30 keV-17 MeV energy band was employed, except when sufficient counts could not be accumulated at high energies.
We fit the data with a Band (Band et al. 1993 ) function:
. For β < −2 and α > −2, E peak ≡ E0(2 + α) corresponds to the peak of the νFν spectrum. The normalization A has units photons/(cm 2 s keV), and Epiv is here taken to be 100 keV. For joint fits, the Band function parameters α, β, and E peak were tied for both instruments, but the normalizations were allowed to vary independently.
For the RHESSI-only time-resolved fits, we identified time intervals with background-subtracted S/N of 20 in the 60 keV-3 MeV band. This yielded three intervals, to which a fourth tail interval of S/N = 12 was added. For most intervals, the cutoff power law model (CPL), equivalent to the Band function below E break , provided the best fit. The time evolution of the parameters of the best-fit spectral model (a cutoff power-law) is presented in the lower panels of Figure 2 . The initial spike of emission has a significantly higher peak energy than the decaying tail; however, the spectral Figure 2 . Time history of GRB 051103, and evolution of the spectrum. The top plot shows the dead-time corrected RHESSI light curve (60 keV-3 MeV) with 1 millisecond time resolution, starting at 09:25:42.184 UT. The background count rate is 0.55 counts/ms and has not been subtracted. The time history has an e-folding rise time of 1.2 ± 0.04 ms, an e-folding decay time of 28.6 ± 0.6 ms, and a T 90 of 100 ± 4 ms. The middle and bottom plots show the evolution of the best-fit peak spectral energy and powerlaw index for the cutoff power-law model. The black points are RHESSI-only, while the gray points are joint fits between RHESSI and Konus-Wind.
index of the power law appears to harden throughout the burst. The results are reported in table 1.
Suzaku-WAM did not trigger on GRB051103, so the only data available are for a 1-second spectrum containing the entire burst, in the 50 keV -5 MeV energy range. The RHESSI-WAM joint fit is shown in Figure 3 and the fit results are reported in table 1. The WAM fluence is a factor of ∼5 lower than the RHESSI fluence; this deficit appears to be a result of data lost due to deadtime during the intense peak of emission.
Konus-Wind triggered on GRB051103 and recorded 64 ms spectra in the 20 keV -10 MeV range; we conducted joint fits between RHESSI and Konus-Wind for the 64 ms and 128 ms intervals analyzed in Frederiks et al. 2007a . These fits are presented in Figures 3 and 4 , and the details are reported in table 1. Good correspondence was obtained in the best-fit parameters between the two instruments, although a normalization offset was necessary.
The spectrum of the 2004 December 27 giant flare from SGR1806-20 was measured by many different instruments, using many different methods (Hurley et al. 2005 , Boggs et al. 2007 , Palmer et al. 2005 , Frederiks et al. 2007b ). While they do not agree on the exact shape of the spectrum, none found evidence for the existence of a high energy power law component in the Band model. Our RHESSI-only spectral fits of GRB051103 are consistent with this, but in two of the joint fits this component is preferred (table 1) . Table 2 contains a comparison of the energetics of the giant flares observed to date. Because of the uncertainties in the SGR distances, as well as the different energy ranges, time resolutions, and characteristics of the various instruments which observed these events, comparisons between the values given are probably uncertain by at least a factor of 3. The total energy of GRB051103 at the distance of M81, 7.5×10 46 erg, does not strain the possibilities of the magnetar model. However, PGC 2719634, whose distance is unknown, also remains a possible host (Lipunov et al. 2005b) .
DISCUSSION AND CONCLUSIONS
GRB051103 illustrates the difficulties of identifying a short burst as an extragalactic giant magnetar flare beyond a reasonable doubt. Even setting aside the questions of detecting and localizing such events, and establishing their associations with nearby galaxies, their interpretation is problem- atic. On the one hand, the localization, short duration, and hard energy spectra of GRB051103 suggest that it is a giant flare from M81. However, a deeper analysis of its time his- Figure 5 . Joint spectral fit of RHESSI and Konus-Wind data for interval 2-3; symbols as in Figure 4 . Two high-energy RHESSI points were negative and are omitted from the logarithmic counts plot.
tory demonstrates that the periodic component, which is a key signature of giant flares, is unlikely to ever be detected at great distances by the IPN if all giant flares are similar to the three observed to date. The energy spectrum at the peak of the emission is very hard (E peak ∼3 MeV), and is detected to 7 MeV at the 3σ level, with marginal emission up to 17 MeV. The observed spectral hardness as measured by the E peak is greater than that observed in most short GRBs. For example, in the study of short bursts by Mazets et al. (2004) , of the 109 spectra which could be characterized by an E peak , none exceeded 2.53 MeV. However, although the E peak of GRB051103 evolves from hard to soft, the evolution to a very soft spectrum, which is expected during the oscillatory phase of an SGR giant flare, is undetectable, as is the oscillatory phase itself. Thus evidence for an extragalactic giant flare origin of GRB051103 remains tantalizing, but inconclusive. On a more positive note, if an extragalactic magnetar flare occured within the Swift-BAT field of view, so that the XRT could begin observing within a minute or so, the periodic component would be detectable at low energies to at least 10 Mpc (Hurley et al. 2005 ).
